









scientist	 curriculum.	Commonly	 referred	 to	 as	 the	 ability	 to	program,	 this	 task	 involves	 the	development	of	
programs	 to	 address	 everyday	 problems.	 Over	 the	 last	 decade	 teaching	 practices	 have	 evolved	 alongside	





To	address	 these	challenges,	educators	have	devised	numerous	 frameworks	 to	allow	students	 to	hone	 their	
programming	skills.	The	idea	of	embedding	gaming	aspects	into	the	learning	cycle	has	led	to	the	development	
of	 techniques	 such	 as	 serious	 games	 and	 game-based	 learning,	 while	 more	 recent	 techniques	 have	 been	
unified	 under	 the	 term	 gamification.	 Several	 researchers	 have	 incorporated	 the	 gamification	 concept	 into	
computer	 science	 classes	 in	 order	 to	 improve	 students’	 engagement	with	 the	 teaching	material,	 with	 early	
evaluations	 confirming	 the	 effectiveness	 of	 this	 approach.	 The	 present	 study	 focuses	 on	 the	 use	 of	 a	
gamification	platform	to	create	stimulating	content	and	increase	motivation.	Students	were	presented	with	a	
new	 gamification	 system	 designed	 to	 attract	 and	 hold	 their	 attention	 through	 a	 number	 of	 programming	









scientists’	 curricula.	 Often	 shortened	 as	 the	 ability	 to	 program,	 these	 tasks	 require	 scientists	 to	 provide	
software-based	solutions	to	real	life	problems	and	everyday	challenges.	From	a	high-level	point	of	view	there	
are	different	ways	of	providing	a	solution	to	a	given	problem.	What	usually	differentiates	a	computer	scientist	
from	 an	 amateur	 programmer	 is	 the	 ability	 to	 provide	 the	 most	 efficient	 and	 strategic	 solution	 while	
considering	the	environment	where	the	software	will	be	deployed.	This	requires	the	developer	to	have	a	good	


















Over	 the	 last	decade	 there	have	been	numerous	 studies	addressing	 the	difficulties	of	 teaching	and	 learning	
computer	 programming	 (Milne	 and	 Rowe,	 2002).	 Several	 issues	 have	 been	 highlighted,	 resulting	 in	 the	
development	 of	 new	 teaching	 techniques	 and	 programming	 languages	 designed	 to	 facilitate	 learning	
(Vihavainen	et	al.,	2011,	Moore	et	al.,	2013).	While	these	solutions	have	been	proven	successful	by	abstracting	
the	level	of	understanding,	issues	related	to	student	engagement	and	motivation	are	still	outstanding.	The	role	
of	 the	 educator	 is	 essential	 to	 ensure	 a	 correct	 delivery	 and	 understanding	 of	 programming	 concepts	 and	
designs.	 Even	 after	 a	 successful	 completion	 of	 the	 module	 assessment,	 students	 may	 still	 not	 have	 the	
programming	skills	expected	in	the	learning	outcomes	(McCracken	et	al.	2001),	with	the	main	issue	behind	this	
being	the	 lack	of	computing	fundamentals	and	practical	sessions.	 In	order	to	progress	from	novice	to	expert	
students	 are	 required	 to	 apply	 the	 basic	 skills	 introduced	 in	 the	 class	 (Robins	 et	 al.,	 2003),	 as	 software	





behaviour	hence	the	desire	 to	practice	beyond	class	activities.	The	 idea	behind	gamification	 is	 to	 trigger	 the	
intrinsic	and	extrinsic	motivation	of	students	in	order	to	practice	more	and	extend	their	knowledge	beyond	the	
class.	As	discussed,	issues	related	to	the	difficulties	of	teaching	programming	are	mostly	related	to	motivation.	
Students	 are	 required	 to	practice	 and	apply	 the	 concepts	of	 good	 software	engineering	 introduced	 in	 class.	
Therefore,	teaching	techniques	that	enable	students	to	continue	applying	their	knowledge	and	skills	after	the	
class	are	essential	to	enhance	student	performance	and	interest	in	the	topic.	Intrinsic	motivation	is	driven	by	a	
genuine	 interest	 of	 an	 activity	 for	 its	 inherent	 satisfactions	 (Ryan	 and	 Deci,	 2000).	 Conversely,	 individuals	
driven	 by	 an	 extrinsic	 motivation	 seek	 to	 comply	 with	 an	 external	 requirement	 for	 its	 instrumental	 value,	
which	ranges	from	grades	to	leaderboards	(Ryan	and	Deci,	2000).	Recent	research	has	divided	the	concept	of	






disruptive	 behaviours.	 Students	 express	 attention	 and	 persistence	while	 participating	 to	 classroom	
activities	(Fredricks	et	al.,	2004,	Appleton	et	al.,	2008).	
§ Emotional	engagement.	Refers	to	the	willingness	of	being	 involved	 in	the	classroom	activities	and	a	
positive	interest	in	learning	(Appleton	et	al.,	2008).		
Considering	that	higher	 levels	of	 learning	outcomes	have	been	associated	with	a	cognitive	engagement	with	
courseware	 (Kong	 et	 al.,	 2003),	 the	 proposed	 method	 offers	 programming	 challenges	 to	 students	 over	 a	
gamified	environment,	thus	allowing	them	to	learn	beyond	the	material	covered	in	class,	change	their	attitude	
towards	 programming,	 and	 become	 self-regulated	 learners.	 This	 cognitive	 engagement	 will	 result	 in	 an	
increase	 in	 practice,	 hence	 providing	 a	 better	 understanding	 of	 programming	 and	 software	 development	
methodologies	(Robins	et	al.,	2003).	
3.	Literature	review	
One	 of	 the	main	 issues	 highlighted	 by	 research	 over	 the	 last	 decade	 is	 the	 challenging	 nature	 of	 teaching	
software	development	(Robins	et	al.,	2003,	Milne	and	Rowe,	2002,	Gonzalez	and	Mora	Carreno,	2014).	Since	
mastering	 programming	 needs	 a	 high	 level	 of	 abstraction	 without	 direct	 connection	 with	 real	 world	 tasks,	
many	students	find	it	difficult	to	study	under	such	circumstances	and	are	not	always	prepared	to	spend	a	lot	of	
time	on	reading	documentation,	writing	code,	and	experimenting	(Shabalina	et	al.,	2013).	To	facilitate	learning	




The	 concept	 of	 gamification	 is	 being	 increasingly	 adopted	 into	 the	 teaching	 practices	 of	 a	 number	 of	
universities	 (Bouki	et	 al.,	 2014,	Wei-Qing	et	 al.	 2014,	Gonzalez	and	Mora	Carreno,	2014).	 Influenced	by	 this	
growing	trend,	educational	platforms	and	learning	management	systems	such	as	Moodle	and	Blackboard	are	
also	 evolving;	 new	 plug-ins	 have	 been	 developed	 which	 allow	 lecturers	 to	 use	 content-rich	 materials	 with	
game	design	elements	and	mechanics,	thus	gamifying	the	learning	experience	(Bouki	et	al.,	2014).	Traditional	
teaching	 techniques	 have	 therefore	 been	 revised	 and	 adapted	 to	 provide	 a	 more	 personalised	 teaching	
approach	through	the	adopted	course	materials.	
In	this	scenario	the	role	of	the	educator	is	subject	to	a	proactive	change	(Bellotti	and	Dagnino,	2013),	as	s/he	




of	 the	 learner	 is	 also	 subject	 to	a	proactive	 change.	 Students	are	expected	 to	practice	 their	 skills	 and	verify	
their	understanding	of	the	material	introduced	during	lectures.	The	necessary	knowledge	and	skills	are	gained	
by	 completing	 the	 interactive	 material	 provided	 by	 the	 gamified	 environment.	 More	 importantly	 though,	
students	are	able	to	continue	working	with	the	gamified	environment	after	the	class,	which	provides	the	basis	
for	developing	a	cognitive	engagement.	Applying	the	knowledge	and	basic	skills	introduced	in	class	is	essential	
to	 enhance	 their	 performance	 and	 improve	 their	 programming	 ability	 (Gonzalez	 and	 Mora	 Carreno,	 2014,	
Uskov	and	Sekar,	2014).	
Gamified	 frameworks	 are	 under	 the	 attention	 and	 constant	 scrutiny	 of	 both	 researchers	 and	 educators.	
Although	 qualitative	 and	 quantitative	 results	 are	 promising,	 achieving	 the	 desired	 effect	 is	 not	 trivial.	 Early	
implementations	 of	 a	 gamified	 teaching	 strategy	 identified	 various	 issues,	 e.g.,	 the	 gamified	 environment	
needs	 to	be	designed,	 implemented	and	maintained	on	 the	effort	of	 the	 teacher,	while	competing	with	 top	
students	 on	 a	 leaderboard	 can	 result	 in	 a	 lack	 of	 interest	 (Dominguez	 et	 al.	 2013).	 In	 the	 computing	 field,	
challenges	such	as	the	lack	of	immediate	feedback	(Kapp,	2012)	have	been	resolved	with	the	introduction	of	




in	 order	 to	 improve	 students’	 performance,	 engagement,	 and	 programming	 skills	 (Robins	 et	 al.,	 2003).	
Vihavainen	 et	 al	 (2011)	 introduced	 "extreme	 apprenticeship"	 as	 a	 teaching	 strategy	 where	 students	 learn	
under	the	constant	supervision	of	an	educator.	This	is	an	excellent	way	to	teach	programming	since	it	is	based	
on	 "learning	 by	 doing"	 and	 "continuous	 feedback"	 as	 the	 means	 to	 achieve	 learning.	 However,	 like	 other	
teaching	 techniques	 that	 have	 been	 able	 to	 achieve	 good	 results,	 it	 has	 a	major	 drawback:	 it	 requires	 the	













The	 present	 study	was	 performed	with	 undergraduate	 computer	 science	 students	who	were	 in	 the	 second	
semester	of	their	studies.	A	prerequisite	for	participating	in	the	contest	was	the	successful	completion	of	the	
first	semester	programming	modules.	This	requirement	ensured	that	all	contestants	had	a	basic	understanding	
of	 software	 engineering	 and	 programming	 concepts.	 The	 gamification	 experiment	 was	 conducted	 during	 a	














The	 virtual	 learning	 environment	 adopted	 for	 the	 gamification	 framework	 was	 provided	 by	 HackerRank,	 a	
company	that	focuses	on	competitive	programming	challenges	for	both	consumers	and	businesses	and	has	an	
online	 community	 of	 over	 one	 million	 computer	 programmers	 (Kosner,	 2014).	 HackerRank’s	 programming	
challenges	can	be	solved	 in	a	variety	of	programming	 languages	 (including	Python,	 Java,	C++,	PHP,	SQL	etc.)	







the	 course.	As	 shown	 in	 figure	2,	 a	 total	of	 13	 challenges	were	used	 to	 trigger	 the	 student	problem-solving	
















environment	 and	 encouraged	 to	 solve	 other	 programming	 challenges	 provided	 by	HackerRank.	 The	 contest	
was	 formally	 announced	 during	 the	 class	 and	 was	 concluded	 after	 two	 weeks.	 Although	 the	 majority	 of	


















challenges.	 The	 results	 of	 the	 experiment	 can	 be	 divided	 into	 two	 parts:	 the	 contest	 and	 the	 subsequent	
interaction	with	the	gamified	environment.	
	
The	 results	of	 the	gamification	experiment	were	collected	at	 the	end	of	 the	contest.	 Figure	4	 illustrates	 the	
percentage	of	challenges	completed	by	each	one	of	the	16	students.	The	legend	provides	the	amount	of	points	
collected	based	on	the	number	of	challenges	solved.	38%	of	the	students	collected	a	total	of	100	points	(the	




This	 can	 be	 attributed	 to	 issues	 related	 to	 usability	 and	 disengagement,	 as	 some	 of	 the	 challenges	 already	
provided	a	sample	solution	to	the	problem.	A	point	range	over	100	was	reached	by	24%	of	the	student	cohort	

















2/3	 of	 the	 cohort	 collecting	 between	 100-800	 points.	 However,	 despite	 having	 an	 adequate	 number	 of	





A	 qualitative	 analysis	 of	 the	 gamification	 experiment	 can	 provide	 additional	 information	 on	 the	 student	





partially	 related	 to	 the	 limitation	 of	 a	 gamified	 environment	 and	 the	 difficulties	 of	 tracking	 student	 work	
outside	the	class.	Dicheva	et	al.	(2014)	argue	the	need	for	a	more	solid	evidence	base	and	suggest	the	use	of	
tools	that	can	assist	in	implementing	gamification	effectively,	since	leaderboards	and	points	alone	are	deemed	







et	 al.,	 2003,	 Milne	 and	 Rowe,	 2002).	 With	 particular	 attention	 being	 paid	 to	 teaching	 programming	 for	
beginners	Vihavainen	et	al.	(2011)	have	shown	how	techniques	such	as	extreme	apprenticeship	are	extremely	
efficient	at	teaching	skills	that	require	building	routines.	Bellotti	and	Dagnino	(2013)	describe	the	role	of	the	
educator	 as	 key	 to	 demonstrating	 that	 gamification	 cannot	 be	 reduced	 to	 game	 elements	 and	 design.	 The	
gamification	experiment	conducted	in	this	work	has	shown	how	the	role	of	the	educator	is	indeed	necessary.	
However,	compared	to	the	extreme	apprenticeship	technique,	this	gamified	environment	mostly	requires	the	
educator	 to	 assist	 students	 during	 the	 first	 few	 interactions	 with	 the	 system.	 Assistance	 and	 guidance	 are	
















In	 regards	 to	 student	 behaviour,	 the	 results	 provide	 evidence	 of	 cognitive	 engagement.	 A	 total	 24%	 of	 the	
student	 cohort	 showed	 interest	 in	 solving	 additional	 challenges	 in	 order	 to	 collect	 more	 points.	 This	
demonstrates	 a	 positive	 attitude	 and	 commitment	 towards	 learning.	 However,	 similar	 to	 the	 Ibanez	 et	 al.	
(2014)	case	study,	 there	were	several	 students	who	did	not	continue	 to	work	on	additional	 challenges	after	
achieving	100	points.	As	Domínguez	et	al.	(2014)	also	suggest,	this	demonstrates	failure	in	transitioning	from	









Motivation	 and	 engagement	 are	 important	 issues	 that	 affect	 student	 learning.	 As	 suggested	by	 the	 present	
study,	diverse	teaching	strategy	capable	of	entertaining	students	can	trigger	the	student	cognitive	engagement	
and	enhance	their	problem-solving	and	programming	skills.	However,	some	of	the	 limitations	with	this	work	
involve	 the	 gamified	 environment	 that	 was	 employed	 for	 the	 experiment.	 More	 specifically,	 a	 number	 of	
students	experienced	usability	issues	while	dealing	with	the	contest	submissions,	which	led	to	frustration	and	
disengagement.	In	hindsight,	more	time	should	have	been	spent	to	introducing	the	system	to	students	in	order	
to	 have	 avoided	 these	 issues.	 Another	 limitation	 involving	 the	 gamified	 environment	 is	 related	 to	 the	
monitoring	of	the	students.	 	While	the	system	allows	to	review	the	contest	submissions,	 it	 is	not	possible	to	
monitor	the	amount	of	hours	the	student	engaged	with	the	material	nor	the	amount	of	repeat	sessions.		
	
Future	work	 plans	 to	 repeat	 the	 experiment	 across	 several	 semesters	with	 a	 larger	 cohort	 of	 students	 and	
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